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￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿
￿￿￿￿
￿￿￿￿
￿(TXDWLRQ ￿￿￿ UHVXOWV DUH IRU ILWWLQJ WKH PRGHO￿ [W G ￿G￿W￿G ￿G￿W￿G ￿G￿W￿G ￿G￿W￿ >￿￿￿I￿/￿I￿/
￿￿￿￿￿T/
￿￿@
￿￿HWWR [W￿ ZKHUH [W ORJWW￿ OW￿ ORJ￿ JW￿ DV LQGLFDWHG￿ GLWLV
￿ LQ TXDUWHU L DQG ]HUR RWKHUZLVH￿ L  ￿￿ ￿￿ ￿￿ ￿ DQG VH LV WKH VWDQGDUG GHYLDWLRQ RI HW￿ &DOFXODWLRQV GRQH LQ WZR VWHSV￿ GXPP\ FRHIILFLHQWV DUH REWDLQHG LQ
VWHS RQH E\ 2/6 RYHU ￿￿￿￿￿￿ WR ￿￿￿￿￿￿￿ DQG LQ VWHS WZR WKH UHPDLQLQJ FRHIILFLHQWV DUH REWDLQHG E\ DSSO\LQJ 5$76 SURFHGXUH %2;-(1. WR WKH UHVLGXDOV￿
7KH VWHS WZR UHJUHVVLRQV DUH RYHU ￿￿￿￿￿￿ WR ￿￿￿￿￿￿￿ :LWK RQH H[FHSWLRQ￿ QXPEHUV LQ SDUHQWKHVHV DUH W￿VWDWLVWLFV￿ 7KH H[FHSWLRQ LV WKHFROXPQSHUWDLQLQJWR
4￿ ZKLFK FRQVLVWV RI WKH QXPEHU RI ODJV LQ WKH %R[￿3LHUFH VWDWLVWLF FRPSXWHG RQ WKH ILWWHG GLVWXUEDQFHV￿ 4 LV WKH S￿YDOXH RI WKH %R[￿3LHUFH VWDWLVWLF￿ ZLWK D
QXPEHU EHORZ ￿￿￿￿ LQGLFDWLQJ UHMHFWLRQ DW WKH ￿ SHUFHQW OHYHO￿ ’: LV WKH ’XUELQ￿:DWVRQ VWDWLVWLF￿7DEOH ￿￿ 6HDVRQDO ’HYLDWLRQV IURP 7UHQG ￿ 8￿6￿ ’DWD
￿
$YHUDJH 3HUFHQWDJH ’HYLDWLRQ E\ 4XDUWHU ’XPPLHV￿ &RUUHODWLRQV






< ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿
& ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿
, ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿
* ￿￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿
Q ￿￿￿￿ ￿￿￿ ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿
<￿Q ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿
￿< UHDO *13￿ & UHDO FRQVXPSWLRQ RI QRQGXUDEOHV SOXV VHUYLFHV￿ , UHDO IL[HG LQYHVWPHQW￿ * UHDO JRYHUQPHQW FRQVXPSWLRQ￿ )URP +DQVHQ ￿￿￿￿￿￿￿ Q HIIHFWLYH
KRXVHKROG KRXUV￿ 2WKHU GDWD IURP %DUVN\￿0LURQ ￿￿￿￿￿￿￿ 5HDO YDULDEOHV DUH %DUVN\￿0LURQ QRPLQDO YDULDEOHV GLYLGHG E\ WKHLU &3, VHULHV￿ $OO GDWD ZHUH RULJLQDOO\LQ
QRW VHDVRQDOO\ DGMXVWHG IRUP￿ 7KH\ ZHUH VHDVRQDOO\ DGMXVWHG ZLWK WKH GHIDXOW VHWWLQJV LQ 5$7￿V (=;￿￿￿ DQG WKHQ ORJJHG DQG +3 ILOWHUHG￿ 7KH HIILFLHQF\ KRXUV GDWD
ZHUH SURYLGHG WR XV E\ *DU\ +DQVHQ￿ ’DWD SHULRG LV ￿￿￿￿–￿￿￿ H[FHSW ￿￿￿￿–￿￿ IRU KRXUV DQG SURGXFWLYLW\￿ :KHUH SRVVLEOH￿ UHVXOWV DUH UHSURGXFHG IURP %DUVN\DQG
0LURQ￿ 7DEOH ￿￿ 5HVXOWV IRU FRQVXPSWLRQ RI QRQGXUDEOHV DQG VHUYLFHV￿ &￿ DQG IRU KRXUV ZRUNHG DQG SURGXFWLYLW\ ZHUH FRPSXWHG E\ XV￿ 5HVXOWV REWDLQHG E\ ILUVW
ORJJLQJ DQG WKHQ +3￿ILOWHULQJ WKH GDWD￿ 7KH WUDQVIRUPHG GDWD ZHUH UHJUHVVHG RQ VHDVRQDO GXPPLHV￿ 7KH WDEOH EDVHG RQ WKH UHVXOWLQJ FRHIILFLHQWV￿DIWHUPXOWLSOLFDWLRQ
E\ ￿￿￿￿
7DEOH ￿￿ 7LPH￿WR￿%XLOG :HLJKWV E\ 6HDVRQ DQG 6WDJH RI 3URMHFW
￿
6HDVRQ ￿FDOHQGDU TXDUWHU￿
6WDJH RI 3URMHFW 4￿ 4￿ 4￿ 4￿
6WDJH =HUR ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
6WDJH 2QH ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
6WDJH 7ZR ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
6WDJH 7KUHH ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
￿(QWULHV LQ FROXPQ KHDGHG 4L UHSUHVHQW WKH UHODWLYH VKDUH RI UHVRXUFHV SXW LQ SODFH IRU LQYHVWPHQW SURMHFWV LQLWLDWHG LQ TXDUWHU L￿ 7KH
ZHLJKWV DGG WR ￿￿￿ LQ TXDUWHUV ￿￿ ￿￿ DQG ￿￿7DEOH ￿￿ 6WHDG\ 6WDWHV YV￿ 6DPSOH $YHUDJHV
%DUVN\￿0LURQ ’DWD
￿ %DVHOLQH 6HDVRQDO 0RGHO
￿
4￿ 4￿ 4￿ 4￿ 4￿ 4￿ 4￿ 4￿
KRXUV
ZRUNHG
￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
,￿< ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
&￿< ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
.￿< Q￿D￿ Q￿D￿ Q￿D￿ Q￿D￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿
*￿< ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
￿’XPP\ FRHIILFLHQWV LQ UHJUHVVLRQ RI LQGLFDWHG YDULDEOHV RQ TXDUWHUO\ GXPPLHV￿ )RU ,￿<￿ &￿<￿ *￿< WKH VDPSOH SHULRG LV ￿￿￿￿4￿￿￿￿￿￿4￿￿
)RU KRXUV ZRUNHG￿ WKH HIILFLHQF\￿EDVHG PHDVXUH ZDV XVHG￿ DQG WKH VDPSOH SHULRG ZDV ￿￿￿￿4￿￿￿￿￿￿4￿￿
￿1RQVWRFKDVWLF VWHDG\ VWDWH YDOXHV RI LQGLFDWHG YDULDEOHV￿
7DEOH ￿￿ 6HDVRQDO &\FOH￿ 0RGHO DQG ’DWD
’DWD
￿ %DVHOLQH 6HDVRQDO 0RGHOV
￿
4￿ 4￿ 4￿ 4￿ 4￿ 4￿ 4￿ 4￿
< ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿
& ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿
, ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿
Q ￿￿￿￿ ￿￿￿ ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿ ￿￿￿ ￿￿￿￿￿ ￿￿￿￿
* ￿￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿
. Q￿D￿ Q￿D￿ Q￿D￿ Q￿D￿ ￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿￿
￿’HYLDWLRQ IURP +3￿WUHQG RI ORJJHG GDWD ￿PXOWLSOLHG E\ ￿￿￿￿ DORQJ VWHDG\ VWDWH JURZWK SDWK￿
￿7DNHQ IURP 7DEOH ￿ IRU FRQYHQLHQFH￿7DEOH ￿￿ 6HOHFWHG 6WDWLVWLFV￿ 6HDVRQDOO\ 8QDGMXVWHG ’DWD





￿ ;￿￿W￿ ZLWK ;￿￿W￿M￿ IRU M 
; ￿ ; ￿ ￿￿￿￿￿ ￿ ￿ ￿ ￿ ￿
< < ￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿
< & ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿
< , ￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿
< Q ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿
< * ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿
Q <￿Q ￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿
3DQHO %￿ %DVHOLQH 6HDVRQDO 0RGHO
< < ￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿
< & ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿
< , ￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿
< Q ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿
< * ￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿
Q <￿Q ￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿
￿￿(QWU\ FRUUHVSRQGLQJ WR < LV WKH VWDQGDUG GHYLDWLRQ RI ￿ORJJHG￿ GHWUHQGHG￿ RXWSXW￿ (QWULHV LQ WKH IROORZLQJ ILYH URZV DUH WKH VWDQGDUG GHYLDWLRQ RI WKH;￿YDULDEOH
UHODWLYH WR WKH VWDQGDUG GHYLDWLRQ RI WKH ;￿ YDULDEOH￿7DEOH ￿￿ 6HOHFWHG %XVLQHVV &\FOH 6WDWLVWLFV￿ 6HDVRQDOO\ $GMXVWHG ’DWD





￿ ;￿￿W￿ ZLWK ;￿￿W￿M￿ IRU M 
; ￿ ; ￿ ￿ ￿￿￿￿ ￿ ￿ ￿ ￿ ￿
< < ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
< & ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
< , ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
< Q ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
< * ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
Q <￿Q ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿
3DQHO %￿ %DVHOLQH 6HDVRQDO 0RGHO
< < ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
< & ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
< , ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
< Q ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
< * ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
Q <￿Q ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
￿￿(QWU\ FRUUHVSRQGLQJ WR < LV WKH VWDQGDUG GHYLDWLRQ RI ￿ORJJHG￿ GHWUHQGHG￿ RXWSXW￿ (QWULHV LQ WKH IROORZLQJ ILYH URZV DUH WKH VWDQGDUG GHYLDWLRQRIWKH;￿YDULDEOH
UHODWLYH WR WKH VWDQGDUG GHYLDWLRQ RI WKH ;￿ YDULDEOH￿
’DWD IRU 3DQHO % ZHUH VLPXODWHG ZLWK WKH EDVHOLQH PRGHO￿ )RU ERWK SDQHOV￿ GDWD ZHUH VHDVRQDOO\ DGMXVWHG ZLWK WKH ;￿￿ SURFHGXUH LQ (VWLPD￿V 5$76￿￿￿[
SDFNDJH￿7DEOH ￿￿ (IIHFW RI 6HDVRQDO $GMXVWPHQW RQ 6HOHFWHG %XVLQHVV &\FOH 6WDWLVWLFV





￿ ;￿￿W￿ ZLWK ;￿￿W￿M￿ IRU M 
; ￿ ; ￿ ￿ ￿￿￿￿ ￿ ￿ ￿ ￿ ￿
< < ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
< & ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
< , ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
< Q ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
< * ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
Q <￿Q ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
3DQHO %￿ ’DWD )URP $VHDVRQDO $QDORJ RI 0RGHO LQ 3DQHO $
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< , ￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
< Q ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
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3DQHO &￿ $OWHUQDWLYH 6HDVRQDO 0RGHO
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< Q ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿
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3DQHOV $ DQG & DUH EDVHG RQ DUWLILFLDO GDWD VLPXODWHG IURP WKH LQGLFDWHG PRGHOV DQG WKHQ VHDVRQDOO\ DGMXVWHG XVLQJ WKH &HQVXV ;￿￿￿ SURFHGXUH LPSOHPHQWHG LQ
5$76￿ (=;￿￿￿ 3DQHOV % DQG ’ DUH EDVHG RQ GDWD VLPXODWHG IURP DVHDVRQDO DQDORJV WR WKH PRGHOV XQGHUO\LQJ 3DQHOV $ DQG &￿ $OO GDWD ZHUH ORJJHG DQG KS￿ILOWHUHG
SULRU WR FRPSXWLQJ WKH VWDWLVWLFV￿ 6HH WKH QRWHV WR 7DEOH ￿ IRU IXUWKHU GLVFXVVLRQ RI WKH IRUPDW RI WKLV WDEOH￿7DEOH ￿￿ (IIHFW RI 6HDVRQDO $GMXVWPHQW RQ 6HOHFWHG %XVLQHVV &\FOH 6WDWLVWLFV 8VLQJ )LUVW￿’LIIHUHQFH ’HWUHQGLQJ
,QVWHDG RI +3 )LOWHULQJ
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GLIIHUHQFHG SULRU WR FRPSXWLQJ WKH VWDWLVWLFV￿ 6HH WKH QRWHV WR 7DEOH ￿ IRU IXUWKHU GLVFXVVLRQ RI WKH IRUPDW RI WKLV WDEOH￿7DEOH $￿￿ 6HDVRQDO ’HYLDWLRQV IURP 7UHQG ￿ (VWDEOLVKPHQW YHUVXV (IILFLHQF\ +RXUV ’DWD
￿
$YHUDJH 3HUFHQWDJH ’HYLDWLRQ E\ 4XDUWHU ’XPPLHV￿ &RUUHODWLRQV






Q￿ HVW ￿￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿
<￿Q￿ HVW ￿￿￿￿￿ ￿￿￿ ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿
Q￿ HII ￿￿￿￿ ￿￿￿ ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿
<￿Q￿ HII ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿
￿+RXUV GDWD DUH GLVWLQJXLVKHG E\ VRXUFH￿ ‡HVW· PHDQV HVWDEOLVKPHQW VXUYH\ DQG ‡HII· PHDQV +DQVHQ￿V ￿￿￿￿￿￿HIIHFWLYH





Figure 1a: Preference Shock, t
t
time






Figure 1b: Technology Growth, l 
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Figure 2c: G/z
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